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ABSTRACT: AprincipalgoaloftheProjectintegration Architectue (P1A) is to facilitatethemeaningfulnter-application
transferof application-value-addedhformation. Sud exchangingapplicationsmay be largely unrelatedto eat other
exceptthroughtheir applicability to an overall project; however, the PIA effort recanizesas fundamentathe needto
male sud applicationscooperte despitewide dispamatieseitherin the fidelity of the analysescarried out, or eventhe
disciplinesof theanalysis.This paperdiscusseshe approad andtediniquesappliedandanticipatedby the PIA project

in treatingthis need.

1 Intr oduction

Any significantengineeringrojectis inevitably thesubject
of multiple analysef variouspartsof the overall whole.

For example the designof a new air vehiclemustconsider
all mannerof thingsfrom the externalaerodynamicsxpe-
riencedin theextremesof its flight ervelopeto theheatab-

sorbtioncharacteristicandcomhustionperformancef its

fuel. Seldomareall the engineeringconcernsof a project
capturedin a single analysis. Indeed,the normal experi-

enceis that eachanalysisis narravly focusedto a single
disciplineandto a sometimes-ill-definetevel of fidelity.

Increasinglytheseanalysesre capturedascomputerpro-
gramsof oneform or another Predictably the programs
display a nearly limitless variety of forms for their input,
output,and operationalexpectationsaswell asary other
characteristithatmight be meaningfullydefined.A foun-
dationalgoal of the Projectintegration Architecture(PIA)
wasto provide asingle,commonpbject-orientedvrapping
layerthatcouldbuffer this endlesgiversity of formulation
andmale all thingsappearthe samein someusefulway.
It is felt that this goal hasbeenreasonablyachieved and

demonstrateth a C++ languagemplementation.The ar
chitecturalresultis discussedh apreviouspapernl].

The PIA project recognized though, that suchdisparate
analysesvereseldomappliedto an engineeringorojectin
isolation.For example anextremelyeffective fuel in terms
of comtustionperformancegrobablyaffectsthe structural
analysisof the vehiclein thatits containingtank structure
maybesmallerandlighter, or anextremelylow densityfuel
may affect the externalaerodynami@nalysisby requiring
theaccommodationf greaterbulk.

Traditionally suchanalyticalcouplingshave beenhandled
in a manualway, often simply throughhuman-to-human
interactionsandhave resultedn overall engineeringanal-
ysesthatwerelesssophisticatedhanmight have beende-
sired. To contritute in this area, the PIA effort hasal-
ways intendedto build upon the commonfoundational-
architecturebaseto facilitatethe automatediow of mean-
ingful informationbetweersuchapplications.

A key elementin the expectationthat this goal could be
achieved wasthe perceptionthat disparateanalyse<ould
meaningfullytransmitinformation contentat somebasic,



physicallevel. For example,the expectationwasthattwo

computationalluid mechanicgodesdespiteverydifferent
formulationsof the flow field problem,would, neverthe-
less,be ableto communicatemeaningfullythroughbasic
statementsupplyingthingssuchastotal temperaturetotal

pressureyelocity vector andthe like, all given through-
outsomeinterfacingvolume. Thatexpectatiorcomesrom

the realizationthat, were two engineershepardinghese
disparateyet cooperatinganalysedor a project, suchis

thenatureof thecommunicationshatwould behad. Thus,
a partof the PIA contrikution is to provide a placewhere
suchbasictransfercanbe encodedandautomated.

Anotheraspectof traditional coordinationof cooperating
engineeringanalyseds that, at somesmall but persistent
statisticalrate, the product configurationbeing analysed
getsout of synchronization.The aeroperformancef the
thin wing is analysecandcombinedwith the fuel capacity
analysiof thethick wing, resultingin awinning, if unman-
ufacturabledesign.ThePIA effort solvesthiscoordination
problem too. Thesolutionis, of course merelya matterof
bookkeeping,but suchbookleepingis a matterprovento
be bestleft to the ruthlessstupidity of computingmachin-
ery.

Finally, it remainsto be saidthatthe PIA effort doesnot

solve the propagtion of information problemat the se-
mantic level, but only at the generic,bookkeepinglevel.

Semansiss a quality thatis void until the architecturds

appliedto anapplication.lt is only asanapplicationenters
the PIA world throughthe efforts of the persondevelop-

ing the applicationwrapperthat a suney of the informa-
tion likely to be available may be madeand instructions
encodednto that wrapperwhich male reasonableise of

thoseelementof informationthat, in a semantiomanney
male ‘sense’.

2 The Solution

As with mary problemsin computing,clever (or, for the
moremodestamongus, fortuitous)arrangementf the el-

ementsrendersthe actual solution so simple asto leave

theobsenrer questioningvhy the problemwasever posed.
To a considerablalegree,this is the situationfoundin the
inter-applicationpropa@tionof informationwithin the P1A

ervironment. Neverthelessan effort will be madehereto

malke mattersseencomplicatedand,consequentiympres-
sive.

2.1 The Application Graph

The first challengeto be confrontedin the propagtion
of informationbetweerapplicationds identifying to each
suchcooperatingapplicationjust exactly which otherap-
plicationsit might obtaininformationfrom andwhich ap-
plicationsit shoulddistribute its own informationto. In
treatingthis issue,the PIA projectintroducesa condition
consideredo belife-lik e, althoughperhapsot without ex-
ception:thatcompositeengineeringanalysedave a defin-
ableflow of informationwhich obeys a conceptof causal-

ity.

For example,considera simple caseof suchinformation
flow in which analysisA providesthe informationwhich

analysisB needgo go forward, whichin turn givesriseto

theinformationfor analyse< andD which cango forward

independentlyeachproducinginformationwhichis finally

assessebly analysisE. Thatfinal assessmeity analysisE

mayindicatethatthe proposediesignis unsatisactoryand
give rise to an adjustmentwhich then startsthe analysis
flow again.

This causalityassumptionris a key constraintand allows
the PIA projectto arrangecooperatingpplicationsasa di-

rected,agyclic graph. This is easilydonesince PacAppl

applicationobjectsinherit the characteristicof directed
graphnodesfrom the PObjDgn classlayer

Sucha directedgraphof cooperatingapplicationds repre-
sentedfor thepresentratheroptimistically)by Figure2.1,
a graphof applicationswhich were, themseles, recently
usedin the analysisof the Rocket BasedCombinedCycle
propulsionsystemproposalbeing developedat the Glenn
ResearcltCenter Eachlabeledbox of thefigurerepresents
anothePlA-wrappedapplication;,CAPRI cross-endorac-
cessto CAD geometrydata,NASTRAN structuralanaly-
sis,trajectoryanalysisandsoon. In this engineeringlow,
aselectedyeometry(asrevealedby CAPRI)is theultimate
driver, theinitial nodeof thegraph.Geometnthendirectly
feedsto APAS, an aeropaneloadscode, GASR a more
refined computationalffluids analysis,and NASTRAN, a
reliable analysisof structuralperformance.As the figure
shaws, informationis to flow in expectedpatterns. Note
thatthe GASPfluid analysisreliesnot only uponthe ba-
sicgeometryrecevedfrom CAPRI, but alsoonthelumped
aerofluidanalysisof APAS.

Thebottomof thefigureshavs anevenmoreoptimisticel-
ement:a conflict resoher andsystemoptimizer Here,the
aggregateof engineeringnalysids to bebroughttogether
assessefbr merit, and,potentially resultin a designalter
ationrepresentedly the sweepingcurve backto thegeom-
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Figure2.1: A Graphof CooperatingApplications

etry elementatthetop of thegraph.It mustbeemphasized
that,atthetime of thewriting of thispaperthisfinal assess-
mentelements only a projectionthatsucha thing canbe
done.At themoment this role is filled by the engineeror
moreaptly, by the teamof engineersffecting the project.
Neverthelessit isimportantto notethatthePIA projecthas
aplacefor suchathingto go.

It is also importantto note that this sweepingcurve is
not intendedto be an actual graph edge making the di-
rectedgraphcyclic. Instead,it is expectedthat the re-
solver/optimizerapplicationwill be built with knowvledge
of the overall problem (often expectedto be a problem
driven by geometry)and that the feedbackoperationwill
be in the mannerof a userinteractioncausinga newv con-
figurationof theproblemratherthanasacyclic propagtion
of anexisting configurationof the problem.

Information propagtion begins in the PIA schemein re-
sponseto some(customarily)external event, usually de-
liveredin the contet of the initial nodeof the application
graph. That respondingapplicationassureghat its infor-
mationstateis ascompleteaspossibleandthenre-delivers
the propagtion event to eachof its immediatesuccessor
applications. Eachof thoseapplications,in turn, assures
thatits own informationstateis ascompleteaspossible(to
be discussedurtherin a moment)andthenre-delversthe
propagtion eventto its own immediatesuccessoapplica-
tions. This procesgipplesthroughthe applicationgraph
until it reachesll of theterminalnodesof thatgraph.

(As mentionedabove, the applicationgraphis expectedto

be agyclic. The designrevision anticipatedin Figure2.1
by the conflict resoler block andits sweepingcurve back
to theinitial nodeof the graphis expectedto be a special
operationof that ‘application’ ratherthan a simple infor-

mationpropagtionact, eventhoughthe propagtion code
may be cleverly reused.)

Becausethe applicationgraphis not constrainedo be a
simplen-ary tree (thatis, because particularapplication,
for instancehe GASPcomputationafluidsanalysisn Fig-

ure2.1,mayhave morethanoneprimarysourceof inputin-

formation),assessinghe completenesef anapplications

informationstateincludeswaiting for all of theimmediate
predecessorsf anapplicationto completetheir partof the
propagtion act and transmitthe propagtion event on to

thereceving application.

Also, the PIA implementationallows for the possibility
that, while theimmediatepredecessorsf a givenapplica-
tion may representhe bulk of the informationflow, they
cannotbe proved to representthe entirety of that flow.
Thus,theimplementatiorexaminesotonly theimmediate
predecessapplicationtransmittingthe propagtionevent,
but all the extendedpredecessoapplicationsof that im-
mediatepredecessaapplication,visiting thatgraphsetin
depth-firstorderfor reasonghat will be explaineda little
later (Here,theextendedpredecessormsf agraphnodeare
consideredo be all the nodesreachableby arny sequence
of backward-floving predecessoedgesoriginatingin the



subjectnode.Also, depth-firstorderis, simply put, visiting
the nodemostremote(or deepestfrom theinitial nodeof
agraphfirst, thenthe next mostremotenodesetc.)

Finally, the PIA implementatiorrecognizeghat, after all
possibleinformationsourceshave beenhanested,a com-
putational operationwill typically completean applica-
tion’s informationstateby producingoutputsfrom thein-
put parameteset. This operationis, of course application
specific;however, the PIA designassignghe operationa
placewithin theapplicationobjectandalwaysinvokesthat
functionality betweenthe completionof sourceexamina-
tion andthefurtherpropagtionof informationto successor
applications.

Traversalof theextendedoredecessaetof theimmediate
predecessorsf a nodeof a graphwill produceredundant
examinationsof somenodesif multiple immediateprede-
cessorgo the nodeexist. (At a minimum,theinitial node
will be examinedoncefor eachimmediatepredecessor
In mary situations,redundanexaminationswill be with-
out usefulresultand, thus, the implementatiorprovidesa
facility to preventthem. This facility, though,is optional
becauseheremay alsoexist casedn which particularin-
formationmay not be assimilateduntil other coordinated
informationhasbeenobtained.

2.2 The Data Configuration Graph

Having consideredheactof informationpropagtionatthe
level of the applicationgraph,the next stepis to consider
theactasit operatesvithin the context of sourceanddes-
tination applications.As discussedn the cited paper[1],
PIA applicationgdo not containa singleinput/outputstate
vectorfor asingleconfiguratiorof the problemathand but
amultitudeof suchstatevectorsfor all the problemconfig-
urationsstudied. Thesestatevectorsare held by PacCfg
parameteconfigurationobjectswhich are,themseles,ar
rangedasn-ary treesfor a givenapplication.Anotherkey
focusof informationpropagtionis to keeptheseproblem
configurationtreessynchronizedo thatmismatchedinal-
ysesdo notoccut

Eachparameterconfigurationobjectis requiredto have a
nameuniqueamongits siblingsin the parameteconfigu-
ration tree. This allows the correspondencbetweentwo
suchtrees,asin Figure2.2,to be establishedThusin the
figure, it is possiblefor codeto establistthattheinitial pa-
rameterconfigurationnode of the sourceapplicationand
thefirst two subgraphemanatingromit (proceedingrom
left to right) correspondo the entire configurationgraph
of thereceving application.Further by concatenatinghe

nameof ary given nodewith thoseof its ancestoraip to
theinitial nodeof thetree,a uniquepathcanbeidentified
which may then be appliedto anothertree (asfar asthat
treeexists)to identify thecorrespondingode.

This capabilityis emplo/ed by the implementationn re-
sponseo a propa@tion operation(representedomevhat
artistically by the sweepingcurve of Figure2.3) whenthe
identifiedsourceconfiguratioris notof thereceving appli-
cations own parameterconfigurationtree. Assumingthat
the cited parameteconfiguratiomodeof the sourceappli-
cationdoesnotalreadyhave acorrespondingodein there-
ceiver's tree,rigid correspondencdsetweerthe two trees
are establishedand the attachmenpoint in the recever’s
treeis identifed. A nodecorrespondingdo the cited node
is createdand attached,along with nodescorresponding
to thoseof ary subgraphthe cited nodemay head. The
namef thesourceparameteconfiguratiomodesareused
to namethe created correspondingecever nodesso that
projectconfiguratiorsychronizatioris maintained.

Note that the information propagtion processwill refuse
to go forward if the necessancorrespondencesetween
parameteconfiguratiortreescannotbeestablishedPropa-
gationprocessesannotproceecetweerapplicationswith

disparatgparameteconfiguratiorirees atleastwhenthose
disparatiegxistin thepathbetweertheinitial nodeandthe
attachmenpoint. Thus, pre-«isting, independenainaly-
sescannotbeconnectedogethethelterskeltereventhough
two nodescorrespondhroughtheir nameswhile their an-
cestrapathsdiffer. Theintentof thisis, of courseto estab-
lish somemodestassurancéhat the propagtion of infor-

mationfrom applicationto applicationis, in someproject
configuratiorsensereasonable.

Anotherintentionof this propagtionnotby singlenodesof
the parameteconfigurationtree, but by (potentially) sub-
graphsof thattreeis to allow andautomatehe processing
of entiredesignsets. Suchsetsmight provide for the sys-
tematicvariationof parametershroughtechnologiesuch
asdesignof experiments probablisttheories,or even by-
guess-and-by-gollpeculation. Data configurationtree
policies(discussedh thecitedpaper)provide for theintra-
tree replication of subgraphdor just such purposesand
theinformationpropagtionimplementatiorcontinueghat
supportthroughouthe applicationgraph.

2.3 The Data Configuration Node

Settingasidethe compleities of propagting entire sub-
graphsof information,it is now time to considetthemech-
anismsof propagting information from a single source
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parameterconfigurationnodeto a single destinationpa-
rameterconfigurationnode. For eachsuchconfiguration
pair, there are three distinct points or phasesat which
information may transfer: a preparatoryconfiguration-
to-configurationoperation,a parameteby-parameteop-
eration performedfor each parameteridentified by the
source parameterconfiguration, and a postprocessing
configuration-to-configuratiooperation.

The preparatoryand concludingoperationsare really one
philosophically: the opportunityto operateon the whole
ratherthanupontheindividual parts. It wassupposedhat
somesituationswould exist in which the combinationof

several piecesof informationwould berequiredto synthe-
sizeagiven parametein thereceving application.lt is to

meetsucha purposethat the preparatoryand concluding
operationsredesigned.

Unfortunately preparatoryand concludingoperationgas
is the parameteby-parametepperation,too) are entirely
semanticin nature and, thus, little constructve beyond
declaringtheir existencecanbe done;however, onesmall
insight was possible. It was thoughtfoolish to placeon
thesenodelevel operationghe burdenof a parameteag-
gregatescanwhenthatwasexactly the effort implemented
by the parameteby-parameteioperation. To allow the
nodelevel operationdo capitalizeuponthe parameteby-
parametegeffort, an operatingcontext was definedas ex-
isting andpersistingthroughthe entireinformationpropa-
gation operationfor a given destinationnode. (Naturally
the baseimplementatiormakes this context null, but de-
rivedapplicationsareentirelyfreeto placewhatezer might
be neededin this conceptualsiot.) The parameteby-
parameteoperationmay addto this context suchparam-
etersasmay be appropriateo a particularsynthesis.The
concludingnodelevel operatiormaythenactuponthe pa-
rametehaneststhathave occurred.

Becausethis destination-node-\@| propagtion contet

existsbeyondthe scopeof aparticularnode-to-nodeffort,

it mayhanestparameterfrom morethanonesourceappli-
cation. Indeed the contet is freeto be a persistenpart of

the destinationparameterconfigurationand exist through
the entire parametempropagtion cycle of an application
graph,or evenbeyondthat.

Theparameteby-parameteoperatioris, onits surface al-

mostself-explanatory Oncea source-destinatioparame-
terconfiguratiorpairhasbeerestablishedandtheprepara-
tory operationaccomplished)a simple iteration through
eachidentified parameteof the sourceapplicationis per

formed, offering the destinationparameterconfiguration
the opportunityto examine eachsuch parameterand ac-

guiresuchinformationasit mayfromiit.

Naturally thingsarejust slightly more complex thanthis.

Another conceptof the parameteiconfigurationtree (de-

tailed,agin, in thecitedpapef1]) is theinheritanceof pa-

rameterslin ary givenparameteconfigurationthereis the

needto insertonly the parameter¢hatdiffer it from its an-

cestraheritage A missingbut needegarametecausesn

ascenbf theparameteconfiguratiortreewhichis stopped
by the first configurationthat actually hasa copy of the

needecparameter

Causingthis parameteinheritancemechanisnio work in

receving applicationsafter the act of propagtion is of

someinterestin orderto presere the benefitsof the con-
cept. To do this, the codethatinvokesthe applicationspe-
cific parameteby-parameteoperationhasthe ability to

avoid the operationf thesourceparameteto beexamined
doesnot, in fact, exist in the sourceparameterconfigura-
tion. This avoidanceis optionalandapplicationghatneed
to look at every parameterwhetherinheritedor not (per

hapsto form an aggr@ate for later synthesis) have that
option.

2.4 The Parameter Object

With theexceptionof theapplicatiorwrappercode the pa-
rameterobjectis the mostsituationspecificelementof the
information propa@tion process. Despitethis, two quite
generalachizzementsarein the province of the parameter
object:theprovision of adefinitive statementf theseman-
tic meaningt encapsulatesndthepotentialoffering of that
informationin avarietyof formsconvenientto commonus-
ages.

The statementof semanticmeaningis not, of course,a

programaticentity encapsulategvithin the parameteiob-

ject. Instead,the statementis implicit in the objectkind.

For example,anobjectthatrevealsitself throughrun-time
mechanismdgo be of the kind ‘parameter scalar double,
Mach number far-field’ implicitly revealsits semantina-

tureto be just that: a farfield Mach numberrenderedas
a scalardoublevalue. This is a small, simple, but never

thelesscrucialcontritution to the procesdor it allows con-

sumingpropagtioncodeto determineexactlythesemantic
natureof theinformationit is looking at.

It is anticipatedhata fully-maturedPIA objectspacewill
have amultitude(indeed,a multitudeof multitudes)of de-
fined parametepbjects.The propagtion codeof eachap-
plicationwrappelis to actasafilter uponthevarietyof pa-
rameterst seesthosethatmake somesensereprocessed
(in someway)while thosethatbeamorelevancearesimply
ignoredasthey passby.



Eventhis processthough,hasits vagaries. A codeseeing
andconsumingsay alocal gaskinematicviscositylocated
at a positionthat seemsrelevant still hasno absoluteas-
surancehatthis local gaskinematicviscosityis the local
gaskinematicviscositythatis needed.It is first up to the
designerof the applicationgraphto assure(to the extent
possible)thatencounteredhformationis, in fact, relevant
information. Suchtricks asmay be playedwith a directed
graphmay be neededo keeponenodefrom encountering
informationthatis notrelevantto it.

Applicationsmay alsowish to implementin the propa@-
tion codinga sensitvity to informationproximity, perhaps
presumingthat informationnearerto it in the application
graphis morerelevant to it. This is why the depth-first
orderwasselectedor thetraversalof theapplicationprop-
agation sourceset. This allows a receving applicationto
encountenearelinformationfirst, giving the potentialthat
suchconsumednformation can ‘blank off’ in an inheri-
tancemannemoreremoteinformation. Considey for ex-
ample,an applicationgraphthat first appliesan Eulerian
potentialflow solver to a flow field, refinesthat answer
with a Navier-Stokessolver, andthenpasseshatresulton
to somefurther consumer If appropriatelyprogrammed,
thereceving codecanconsumehe Navier-Stokessolution
and, by so doing, ‘blank off’ the presumablylessuseful
potentialflow solution.

All of this runsthe risk of making applicationwrappers
that are too situationspecific. Continuingthe aborve ex-
ample thetemptationis to developanapplicationwrapper
thatexpectsalwaysto have a Navier-Stokessolutionflow-
ing from a potentialflow solution. Suchtemptationsnust
be resistedandthe delicateart of working in responsdo
whatcomesto hand,ratherthanin anexpectationof what
will befound, mustbe developedandpracticed.

Anothercontritution of parametepbjectsto the informa-
tion propagtionprocessnaybethatsomeobjectsmay of-

fer their contentin a variety of usefulforms. Information
in parametewobjectsis to be genericand closely defined
in a semanticsense.To be usefulto all applicationsPIA

parametersnustnot betayloredin their contentor organi-

zationto the needsof ary one particularapplication. But

this doesnot meanthatonly oneaccessibl@iew of thatin-

formationis permittedto exist. It is entirelyreasonabléhat
the parametepbjectbethe placein which alternatemodes
of accesservingdiverseneedsareencapsulated.

Considera parameteencapsulatinga computationafluid
flow grid. In its simplestconceptualizationsucha grid is
an orderedset of n-tuplesspecifyingcomputationahode
locationsand statevariablesin m-dimensionalspace. As
independentvork hasdemonstratedwhile this is the es-

senseof sucha grid, only a fraction of the computational
fluids codesoperatewith a grid structuredn this manner
Somecodesinsertskip rows, skip columns,or skip planes
in their grid organizations.Othercodescircularizethe set
so that elementn mapsbackto element0. Somecodes
even changethe handednesgperatingnot in the custom-
ary right-handecbrientation,but in a left-handedone. As
thatindependentvork hasshawvn, all suchvariationscanbe
well andeffectively accommodately variantaccessiews
operatingon a singleinternalformulation.

2.5 Documentingthe Flow of Information

Thefinal, small contritution of PIA informationpropa@-
tion is to provide for thedocumentingf informationflow.
Oneof themyriadgoalsof theprojectwasnotonly to have
all the configurationsof a given problemthat were con-
sidered but to producean audittrail thatcould reveal just
exactly wherea givenconfigurationcamefrom.

All parameteobjectsof the PIA ernvironment(and,indeed,
very nearly all objectsof every sortin that ernvironment)
derive from abaseclasswith the characteristiof describa-
bility. Oneof thedescriptve formsthatmaybeaddedo an

objects descriptionis a changehistory and,with the de-
velopmentof the information propagtion capability one
of the elementsof sucha changehistory may be aninfor-

mationpropagtionrecord.

The information propagtion descriptve elements a rea-
sonably simple thing. It provides a traversableset of
parameterconfiguration/identificatiorobject pairs, each
of which, within the application wrapper architecture,
uniquelyidentify a sourceparameteusedin the synthesis
of the describecbarameterThe provision of a setof such
pairsis intendedo allow for theoperatiorof sourceaggre-
gates(discussedbore) in which several sourceparameter
objects possiblyhanestedfrom differentapplicationsare
combinedto producea single parameteneededy there-
ceiving application.

3 When All DoesNot Go Well

The discussiorthusfar has,of course,dealtin that rose-
colored world in which all goeswell all of the time.
Thosewith more accuratepowers of obsenration (some-
times called cynics) will point out that this is not always
thetrue natureof engineeringandscientificanalysis.One
might debatethe advisability of introducinganalysesstill

in the crash-and-brn phaseof programdevelopmentinto



the postulatedworld of automated multi-fidelity, multi-
disciplineevaluation.Neverthelessit is prudentto provide
for the exceptionalevent,eventhoughonehopeshatsuch
thingswill be,well, exceptional.

The PIA projectdoes,in a preliminaryway, provide for
suchoperationaHifficulties, but suchdiscussiorhasbeen
held to this point in orderto reducethe complicationof
the earlierdiscussion.Thereare,in fact, just two key ele-
ments:the notationof parameteconfigurationsn whicha
malfunctionof somesorthasoccurredandtheprovision of
aneventmechanisnwhich transmitsto someindependent
(thoughin importantwaysundefinedjuthorityknowledge
of the occurrenceand solicits from that authority one of
severalwell-definedresponses.

3.1 The Origin of Difficulties

The discussiorbegins with the presupposedriginator of

suchdifficulties: the computationabperationwhich con-
vertsinputsto outputsfor a given application. Within the
PIA implementationthis processeturnsasimple,boolean
result: succes®r failure. Shoulda failure occur it is han-
dled in the context of the parameteiconfigurationobject
within which the computationwvas performedby invoking

a malfunctioneventfacility built into the baseclassof ap-
plicationobjects.

Themalfunctioneventfacility worksin thehope,if notthe
expectation,of event mechanisnobjectsbeingconnected
to the parameteconfigurationobject. A malfunctionevent
is passedo eachsuchfoundeventobjectandtheresponse
noted.In the eventof multiple eventobjects(giving multi-
pleresponsespgsimplealgorithmmergestheresponsesn
generaklevatingthecompositeesponséo themostdire of
theindividual responsedn theeventthatthereareno con-
nectedevent objects,a ‘no responseresponses defined
andis the basevalue from which the malfunctionevent
mechanisnbegins.

Theseevent objects, as implementedby the basicarchi-
tecture,in fact do nothing. They provide form without
function. It is left to the operatingervironmenthostingthe
applicationgraphto provide a derived event objectwhich
addssubstanceo this form. It is in this way that the na-
ture of the independenauthority is left undefined. The
actualeventobjectmay leadto a pop-updialogin a GUI

ernvironmentfor the userto click at, or it mayemailsome-
body at home someplaceand wait for a respondingmes-
sage. Nearly ary concevable thing canbe laid over this
basicskeletaleventidea.

3.2 Handling a Decision

Oncesomeresponséincludingthe‘no responsefesponse)
is obtainedin answerto the computationalmalfunction,
three potentialhandlingsare implemented:the malfunc-
tion may be ignored,the computationmay be retried, or
themalfunctionmaybeacceptedndoperationsontinued
to whatever extentpossible.Thefirst two choicesaresim-
pler. They eitherstipulatethat, despiteappearance® the
contrary everythingis, in fact, all right, or that maybeif
tried agpin (perhapsafter somecorrectve actionthat has
occurredin the courseof eventresponse)everythingwill
becomeall right. In either of thesecasesthe parameter
configurationdoesnot receve the malfunctioningcharac-
teristic.

In the third choice,that of acceptinghe unsuccessfubp-
eration,the outlying mechanism®f malfunctionbegin to
operate.To bayin, the presentingparameteconfiguration
objectis giventhemalfunctioningcharacteristicThischar
acteristids regardedascastingashadav of doubtuponary
parametepf the configurationthat hasthe outputcharac-
teristic. (Within PIA, parametersnay have eitheraninput
or outputcharacteristicor both, or neither) Suchparame-
tersof malfunctioningconfigurationsare oftenreferredto
asuntrusted.

Within the contet of informationpropagtion, the failure
of a singlecomputationaloneis not considereduficient
groundsfor completeabandonmenof the overall opera-
tion (althoughthis selectionis an option). Sucha failure
may well be anisolatedproblemof a particularconfigura-
tion of parametersn a larger propagtion processhatis
progressingneaningfully

3.3 Dealingwith Difficulty

The next challengds to perseerein thefaceof suchmal-
functions. This is begun simply by not breakingthe in-
formationpropagtion process.Then,asthe processon-
tinues,it is usuallyappropriatdo avoid the dependencef
further operationsuponuntrustedparametersandto note
thosefurther application/configuratioinstancego which
suchuntrustedparametersnay have transmittednforma-
tion.

To this end,the parameteby-parametepperationscreens
for parametersvith the outputcharacteristichat actually
existin aconfigurationwith the malfunctioncharacteristic.
By default, parametersneetingthis criteria are not trans-
mitted to the parameteipropagtion code; however, this
screeningnaybeturnedoff. Withoutregardto thatchoice,



though the occurrenceén the parameteby-parametepro-
cessof ary suchuntrustedparametercauseshe recev-
ing configurationto obtainthe malfunctioningcharacteris-
tic. Thus,amalfunctionpropagtesthroughtheapplication
grapheventhoughreceving applicationshave noparticular
fault of their own.

Thejustificationfor thisaggressie propagtionof themal-
functioncharacteristigs this: to be conseratively clearas
to just wherean untrustedresultreaches. To understand
thereasoninggconsiderthe alternatve: the propagtion of
the malfunctioncharacteristianight have beenlimited to
just those configurationsthat actually usedan untrusted
parameter Then, by electingto screenout suchparame-
ters(whichis thedefault), areceving configurationwould
avoid dependencen dubiousresultsandinhibit the prop-
agationof the malfunctioncharacteristicWhile this might
appeardesireable the difficulty lies in the fact that the
configuratiorwould then (probably)inherit corresponding
trustedparametergrom its ancestraline, or from the an-
cestralline of its propagtion sourceconfigurations.This,
in turn, would constitutea corruptionof the configuration
treerequiremensincethe trustedparametersisedfor the
propagtinganalysisvould notnecessarilypethoseappro-
priatefor themalfunctioningconfiguration.Thus,it is nec-
essaryto make the conserative choiceof propagting the
malfunctioncharacteristi¢o ary configurationthatwould
have usedan untrustedparametehad that parametemnot
beenuntrusted.

3.4 Not Making Mor e Troubles

Having propagtedthe malfunctioncharacteristion to a
receving parameterconfiguration,the next stepis to un-
derstandhatit shouldbe customaryto avoid the compu-
tationalcorversionof inputsto outputswhenthat charac-
teristichas,in fact, propa@tedto theapplication.Therea-
soninghereis thattheactof informationpropagtionis for
the purposeof obtainingat leastsomeof theinputsto are-
cewving application.If thoseinputsare untrustedbecause
their sourcesvereuntrusted) or if they aremissing(even
thoughalternatve inputsmightbeinheritedfrom anances-
tral configuration),t is probablyunwiseto expendthe ef-
fort of corvertingerroneousnputsto evenmoreerroneous
outputs.

The avoidanceof computatiorneednot be an unexcepted
rule. Theintroductionof thesemantic®f arealapplication
providesthe opportunityto qualify the relevanceof partic-
ular untrustedparameters.The applicationgraphis not a
perfectdevice andmayoftenpresenparametersntrusted
thoughthey may be, of no relevancewhatsoeer to a par

ticularreceving application.Thus,a particularapplication
maywish to keepits own accountingpf untrustedparame-
tersandmalke its own assessmermf its malfunctionstate.
In the eventthatthe parametershatweresignificantwere,
in fact, alsogood,thenit is entirely appropriatgor anap-
plicationto performthe definedcomputatiorandresetthe
malfunctioncharacteristiof theconfiguration.In thisway;
a malfunctionneednot propagte to every applicationof
thegraphreachablérom the malfunctions point of origin.

4 Summary

Thispapethasdiscussethemechanismandprotocolam-
plementedy the PIA projectto effect informationpropa-
gation betweenengineeringanalysesooperatingo form
an overall analysisof a given project. The effort at the
genericbaselevel is principally one of bookkeeping;par
ticularsmustalwaysawait the semantic®f aspecificappli-
cation. Benefitsbeyond enablingsuchcompositeanalyses
include the assuredsynchronizatiorof projectconfigura-
tion amonganalysesthe ability to synthesizea particular
parametefrom ansourceaggreate,andthe generatiorof
anauditabletrail for the propagtedinformation.

Thekey contrilbution of theeffort, in theeventthatit works
meaningfully is thatit will allow a wide variety of dis-
parateanalysego be broughttogetherinto a sort of su-
perapplicationregardlesof disciplineor fidelity. Further
thanthis is the factthat suchsuperapplicationsare easily
reconfigurablesimply by reformulatinginstancesf their
componentapplicationwrappersinto a differentdirected
applicationgraph.
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